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INTRODUCTION
Closely related species frequently exhibit physiological differences that appear to be adaptations for life in particular environments. Examples for Anolis lizards include rates of water loss (Sexton and where thst is the rate of change in the mass of the egg (water storage) during incubation, th, is the rate of liquid water transport across the surface of the egg in contact with the substrate of the nest, and fha is the rate of transpirational water exchange across the surface of the egg exposed to the atmosphere. For normal development of the embryo of at least some lizard species, the water content of the egg apparently must increase during development (Packard et al. 1977) . Therefore, the rate of water uptake must be greater than the rate of water loss during incubation. Rates of water flux through the eggs of A. auratus and A. rimifrons during the incubation period were measured on soils differing in matric potential. Water storage (hst) and transpirational water loss (mha) were measured di- Changes in mass during incubation were measured for eggs buried so that one-half of their surface area was exposed to the atmosphere and the other one-half was buried in the soil. Egg mass was determined to the nearest 0.1 mg each 48-96 h during incubation. When eggs were removed for weighing, each chamber was also weighed and distilled water added if necessary to bring the chamber back to its original mass. Whether water was added or not, the soil in each chamber was stirred thoroughly to distribute the water in the soil. The chambers were checked frequently toward the end of incubation; hatchlings were removed, their mass determined to the nearest 0. 1 mg, and their snout-vent length (SVL) measured to the nearest 0.5 mm within a few hours of hatching.
At the end of the experiments the soil used was shipped to Virginia Polytechnic Institute and State University for determination of the soil water retention curve. This curve was used to convert percent soil water to estimates of matric potential of soil water in megapascals where 1 MPa = 10 bars. The conversions of percent soil water to matric potential were: 28%, -2.74 MPa; 32%, -2. Results of the incubation study are shown in Figs. I and 2. Eggs gained mass on all treatments, at least initially. Gain in mass was not sustained on the two driest soils, where loss in mass was followed by embryo death. All A. auratus embryos that died did so relatively late during incubation. These eggs, incubated at -2.13 and -2.74 MPa, contained large dead embryos when the eggs were opened at the end of the normal incubation period. One of the eggs incubated at -2.13 MPa had been scored by the egg tooth, but the hatchling had been unable to leave the egg. In contrast, the A. limifrons embryos that died did so relatively early in the incubation period.
Eggs of both A. auratus and A. limifrons hatched on soils with matric potentials of -1.48 MPa or greater. Although all of the A. limifrons eggs incubated at -1.48 MPa hatched, most eggs on the three wetter treatments did not complete their development. Eggs on two of these treatments died after mold formed in the incubation chambers, and eggs could not be replaced on the remaining treatment because death of the embryos followed an experiment measuring transpirational losses. There was no difference in the incubation time for the two species (P > .05, two-tailed t test); their combined mean incubation period was 44 d.
In order to make statistical comparisons of the For A. auratus eggs, simultaneous tests indicated that the rate of water storage was a linear function of incubation time on all four treatments (P < .05). Moreover, the greater the water availability of the soil, the greater the rate of water storage. A simultaneous four-way test of the slopes indicated that they were unequal (P < .025). However, pairwise comparisons showed that the only significant differences were between the -0.015 MPa treatment and the -0.70 MPa treatment (P < .025), and between the -0.015 MPa treatment and the -1.48 MPa treatment (P < .05).
For A. limifrons eggs, simultaneous tests indicated that the rate of water storage was not a linear function of time; the test for a quadratic term was significant (P < .05). Individual tests showed that rate of water storage was a linear function of incubation time on the -0.015 MPa and the -0.70 MPa treatments (P < .05), but that significant quadratic terms were found on the -0.04 MPa and the -1.48 MPa treatments (P < .05). Visual inspection of the data showed no apparent relationship between matric potential and rhit (mg-h-1 cm-2) of water storage (rh,,t) Table 2 ). These differences were significant for the -0.015 MPa and the -0.70 MPa treatments (P < .05). The -0.04 MPa and the -1.48 MPa treatments comparisons could not be made because of the nonlinearity of the A. limifrons data.
The rate of water loss by transpiration (mhla) was a linear function of egg mass for both species (Fig. 3) . For all egg sizes, A. auratus lost less water per unit time than A. limifrons eggs. Moreover, the rate at which water loss increased with respect to egg mass tended to be lower for A. auratus than for A. limifrons (.10 < P < .20, t = 1.43, two-tailed test).
Eggs used in the experiment measuring transpiration ranged from 4 to 28 d in age. Because both age and mass increased during incubation, a correlation between these variables was expected. However, singlevariable regression analyses showed that egg mass accounted for more of the total variability in the rate of transpiration than did age. For A. limifrons the respective values of r2 were .79 and .18, and for A. auratus the respective values of r2 were .61 and .57. After accounting for mass in multiple regression analyses, age did not explain a significant proportion of the total variance in rate of transpiration for either species (P > .05).
The rate of water uptake (rh,) was determined as the sum of water storage and water loss (from Eq. 1). Typical values for all three rates are shown in Table  3 . Comparisons were made at 500 h of incubation on two treatments. The rate of water storage was determined from equations in Table 2 , and the rate of water loss was determined from equations in Fig. 3 surface area of egg (Eq. 2) to facilitate comparison between the two species. Rates were divided by one-half egg surface area to express the rate of water uptake by the half of the egg exposed to the soil and the rate of water loss from the half of the egg exposed to the atmosphere. Anolis auratus eggs had higher rates of water storage and lower rates of water loss than A. limifrons eggs on both treatments, but a higher rate of water uptake on the wetter treatment and a lower rate of uptake on the drier treatment than the A. limifrons eggs.
The ultrastructure of the eggshells of A. auratus and A. limifrons is contrasted in Fig. 4 . A detailed analysis of the eggshell of A. limifrons was conducted by Sexton et al. (1979) . Therefore, only those aspects of shell morphology relevant to the present study are discussed here. The shell of both species consisted of five concentric zones of fibrils. The external surface of these fibrils was bounded by a matrix of granular material (calcium carbonate). The fibrils in the shells of A. auratus were larger and more densely packed than those in the shells of A. limifrons and had a thicker matrix of calcium carbonate as well. This was particularly apparent in Zone 5. Because the interfibrillar spaces are presumably the route through which water passes, the eggshells of A. auratus, with their relatively high fibril density, would appear to be less porous than the eggshells of A. limifrons. This interpretation was also supported by shell dry mass (Table 1) Transpirational water losses increased with egg size for both species, possibly as a consequence of stretching and thinning of the shell during incubation. However, even though egg age was poorly correlated with water loss through the first half of the incubation period, increasing heat production by the developing embryo might further increase transpiration rates later in the incubation period (Tracy et al. 1978 ).
Some comparisons between the eggs of A. auratus and A. limifrons reveal physiological and morphological differences that may represent evolutionary adjustments to habitats differing in moisture availability. A. auratus eggs exhibited a higher rate of water storage and lower rates of water uptake and transpirational water loss than eggs of A. limifrons. Differences in water flux were correlated with eggshell morphology. Because of their greater thickness, greater density of fibrils, and a thicker matrix of calcium carbonate, the eggshells of A. auratus may provide more resistance to the movement of water than those of A. limifrons. Thus, the eggs of A. auratus seem to be adapted to the dryness of their grassland habitat. For A. auratus, water is rapidly stored at high matric potentials because of low transpirational water losses from the exposed egg surface. Low rates of water loss by transpiration also mean that embryos can survive relatively long periods of desiccation. For example, eggs incubated on the two driest soils in the present study possibly could have completed development if water had become more available during the latter third of the incubation period. In contrast, the eggs of A. limifrons seem to be adapted to the relatively high and stable water regimes of the forest interior. Although the rate of water uptake was high on soils where hatching occurred, the net result of high transpirational losses was a low rate of water storage. Eggs of A. limifrons cannot survive long periods of desiccation; embryo death occurred within the first third of the incubation period on the two driest soils used in this study.
